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The attached report, "A Camber De sign Study of Concrete 
Pipe Culverts," by Aubrey D. May, is the result of the need for a 
criterion upon which to base pipe culvert camber. This need was 
emphasized as a direct result of our culvert pipe and acid water 
surveys of a few years ago. It was observed there and elsewhere 
that many existing culverts had settled appreciable and there we.re, 
in some instances, restrictions to flow because of the apparent 
excessive settlements. 
This project was begun in 1958, prior to the start of con-
struction of the section of I-64 in Shelby County. Most of the pipe 
culverts were placed in the fall of 1958, but the fills were not 
completed until the 1959 construction season. 
Following a brief oral report on this project at the February, 
1959, Research Committee Meeting, Mr. T. H. Baker, Director 
of Construction, requested advance pipe culvert camber de sign in-
formation. We prepared the chart shown in Fig. 22, to represent 
the best data available at that time. The Construction Division field 
engineering personnel have been determining camber design by this 
chart since that time. 
The measured settlements to date indicate that this chart is 
reliable for average conditions. 
The nomograph, Fig. 23, would replace the chart and provide 
a more satisfactory method of computing camber. In no case, would 
we recommend installing camber in excess of one-half the difference 
in elevation of the inlet and outlet. Camber would flatten the grade on 
the inlet half and steepen the grade on the lower one -half of the pipe. 
We are planning to obtain additional consolidation data for 
soils from Western Kentucky and other parts of the state, thereby, 
to provide a broader basis for settlement factors represented in the 
nomograph. 
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I: INTRODUCTION 
When a pipe culvert is constructed on or near the natural. ground 
surface and covered by a highway fill or embankment, the weight of the 
embankment compresses and consolidates the foundation. soil, settle-
ment occurs, a.n.d the culvert subsides or sags below the original line 
as illustrated in Fig. 1. The amount of settle.ment depends, of course, 
upon. the fill height or load, the depth of foundation. soil, a.nd the sus-
ceptibility of the foundation soil to c,onsolidation. In addition, and 
because there may be movement of the foundation soil outwardly and 
toward the toes of the embankment, the structure may tend to lengthen. 
It may lengthe.n slightly, however, simply because the distance along 
the sag o:r settlement curve is greate:r than the straight grade distanc.e. 
These movements are damaging to the drainage st:ructure and should 
be min.imized or otherwise compensated in design insofar as practicable. 
Experience has shown that culverts which settle excessively 
below their original straight grade frequently become clogged with silt 
and debris, become disjointed and faulted, leak, become undermined, 
and endanger the stability of the e.mbankment. These and other damages 
attendant to settlement, restrict the flow of water, prevent adequate 
inspection of the structure, and may eventually require extensive main-
tenance .or complete replacement of the structure. Much of this damage 
may be avoided by placing the culverts on cambered grades: that is, 
by installing the culvert with its flow line somewhat above its normal 
or desired elevation along the central portion of its length as illustrated 
:] 
Sel!lement 
Fig. 1. Settlement of Culvert below Straight Grade. 
~­ -- -- --
Cambered Culvert 
-- --Desired Approximate Straight Gr;;d; __::.,;- - -- - - __ ---
Fig. 2. Cambered Culvert and de sired Straight Grade. 
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in Fig. 2. This idea anticipates that settlement under the load of the 
embankment will, in time, lower the culvert approximately to the 
desired straight grade. 
Some engineering handbooks and treatises suggest the desir~ 
ability of cambering c.ulvert pipe, but none offers any generally accepted 
criterion or formula for predicting even approximately the magnitude of 
the camber to be used. Spangler ( 1) suggests tha.t the proper amount 
of camber could be determined rather precisely in advance of construc-
tion by application of some of the modern methods in soil mechanics, 
such as the Terzaghi theory of consolidation (Z), but favors a more 
empirical approach to the problem. While it is well recognized among 
soils engineers that extensive consolidation data and foundation settle-
ment analyses are necessary in the design of large and costly struc-
tures, it would not be practical to require these analyses for each 
culve.rt installation on a highway. To avoid such an expensive and 
time-consuming procedure, a short, fairly accurate, simple method 
is desired whether it be rational or empiric:al. 
The ultimate objective of this study and investigation, there-
fore, was to develop a simplified rational criterion which would 
permit the inclusion of camber as a routine design feature in highway 
culvert installations. In reality, the work was founded on rational 
theories of consolidation and consisted of consolidation tests and 
predictions of settlement profiles under proposed embankments, the 
installation of culverts cambered according to the predicted settle-
ment profiles, and the observance of settlements during and following 
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the completion of the embankments. Fairly close agreement between 
the predicted and observed settlements invited serious speculation 
as to the possibility of estimating camber, within reasonable limita-
tions, of course, from typical voids-pressure increments obtained 
from typical or average soils. 
II: CONSOLIDATION THEORY 
The densification of a soil is attended by a decrease of the 
volume of voids. If the voids of a soil are entirely filled with water, 
saturated, measurable densifi.cation can occur only as a result of the 
escape of water. Gradual, or time-·dependent, compression of a 
soil under a load is termed primary consolidation (3). This type of 
consolidation should not be confused with the compression of un-
saturated soils which respond more-or-less instantaneously to load. 
The process of primary consolidation is best illustrated 
by reference to the model shown in Fig. 3. The model consists of 
a cylinder with a closely fitting piston perforated with a number of 
small holes and resting on a number of compression springs. The 
cylinder beneath the piston is filled with water. When a vertical load 
is suddenly applied to the piston, the pressure induced in the water 
causes it to flow through the holes in the piston. As water escapes, 
the pressure decreases and the load is gradually transferred to the 
springs. At this point, the piston will come to rest, the load will 
be entirely supported by the springs, and the water pressure wi.ll be 
reduced to zero. 
Applying this analogy to the case of saturated soils, the 
addition of a load increases the pore-water pressure and causes an 
outflow of water from the voids until the entire load is borne by the 
sturcture formed by the soiL The amount of consolidation is directly 
related to the reduction in voids, or change in voids ratio, and the 
rate of consolidation is directly related to the escape rate of water. 
~ 5 -· 
Vertical Load on Piston 
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Fig. 3. Model Analogy Illustrating Consolidation Process. 
- 7 -
A mathematical theory of consolidation has been worked out 
by Terzaghi and is given in some detail in his book, Theoretical 
SoH Mechanics (2). The theory is fairly complex and the final equa-
tion, presented below, describing the proces_s of consolidation was 
obtained by the application of the Fourier series to a differential 
equation. 
~ 
N•• 
s=mvPoH -:2~ 
N•O 
I e;·I2N+Il2 w2 Cvt] 
(2N+I)2 "'H2 
where S = settlement 
mv= coefficient of volume change~ t3 )( l+'e, 
AEI = change in voids ratio during the process 
AP = change in pressure causing the change in 
voids ratio 
e, = initial voids ratio before p, is applied 
p1 = uniform pressure applied to the surface 
of the soil 
H = length of the drainage path 
Cv= coefficient of consolidation = _.!S._ 
lr, mv 
K = coefficient of permeability 
lrw= weight per unit volume of water 
€ = base of the Napierian system of logarithms 
t = time following application of load at 
which settlement is to be calculated. 
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Wherea.s the Terzaghi theory deals only with compression due to the 
gradual outflow of water from soil pores, primary consolidation, 
there is a secondary type of consolidation which attends or follows 
primary consolidation, which is analogous to creep in over-stressed 
plastic materials, and which can not be computed by any rational 
method. These seconda.ry time effects are ordinarily neglected in 
settlement analyses. 
The magnitude and rate of settlement of a proposed structu.re 
foundecj on a compressible soil can be estimated from the results of 
a small-scale laboratory test without solving the complex Terzaghi 
equation dire.ctly. The calculations require a knowledge of: 
(1) the thickness, position, and nature of the 
va.rious soil strata underlying the foundation, 
and the existing free water conditions, 
(2) the changes in voids ratios with increases in 
load and the time-rates of changes with in-
creases in load for undisturbed samples of 
the compressible soil, and 
(3) the distribution of stresses through the soil 
after the structure has been erected. 
The first of these requirements is satisfied by the results of borings, 
and the second is satisfied by laboratory consolidation tests. The 
third, the determination of the stress distribution, is complex, and 
usually simplifying assumptions are made in order to apply some form 
of the Boussine sq equation. 
The effective stress on the midplane of a compressible layer 
at depth, due to the existing overburden, is considered to be the 
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total overburden pressure minus the neutral pressure of the water. 
The effective consolidating pressure in the soil due to the imposed 
dead load of a structure or embankment is then estima.ted as the 
increase in stress at the midplane. The corresponding change in 
the voids ra.tio of the soil is determined from a voids ratio-pressure 
curve obtained from a laboratory consolidation test. With these 
values, the total expected settlement .can be obtained by (4): 
.. -e2 , 
s = d 11 1 + e
1 
where S = total expected settlement 
d = thickness of soil layer 
e1 = initial voids ratio of soil 
e2 = final voids ratio of soil. 
The time required for any percentage of consolidation to be 
reached is expressed by the formula (4): 
t = TH2 c, 
where 'I' = time required for any percentage of 
consolidation to be reached 
T =time fa.ctor, varies with degree of 
consolidation 
H = length of drainage path 
C11 = coefficient of consolidation. 
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The time-rate of compression of a soil layer depends on Jou.r factors: 
( l) thickness of the layer 
(2) number of drainage faces 
(3) pe.rmeability of the soil 
(4) magnitude and distribution of the consolidating 
pressure. 
If a s.oil is completely remolded under the addition of water 
up to and above the liquid limit and is then subjected to a consolidation 
test, the voids ratio~pressure curve will be a straight line when 
plotted to a semilogarithmic scale as shown by the dashed line in 
Fig, 4. This portion of the curve is sometimes termed the virgin 
compression curve since it presumably represents the compression 
of a water deposited soil under its own weight. If, at some point A, 
the load is removed in decrements, the sample will rebound to some 
voidS··ratio value at point B. Upon re~loading, the cu.rve approaches 
a projection of the virgin compression curve. The re-compression 
curve through points B, C, and D, then closely parallels the pro-
jected virgin curve and is similar to the curve that would be obtained 
from a consolidation test on an undisturbed sample. 
It appears, therefore, the undisturbed soils exhibit some 
degree of preconsolidation in the consolidation test. The correspond-
ing preconsolidation load is defined as the greatest pressure under 
which a soil has been consolidated during its past geological history. 
Thus, the preconsolidation load may exceed that due to existing 
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overburden and may indicate the depth of overburden lost by ero
sion 
or simply the magnitude of drying tensions and shrinkage result
ing 
from desiccation. 
An empirical, graphical method of determining the so-called 
preconsolida.tion load, was developed by Casagrande (5). Refer
ring 
to Fig. 5, a tangent is drawn at the point of greatest curvature A
 of 
the voids ratio-pressure curve. A line AC is drawn so that it b
isects 
the angle formed by the tangent AH and the horizontal line AG. 
The 
straight section DE of the voids ratio-pressure curve is extende
d to 
its intersection at the point B with the line AC. A vertical line 
through 
the point B will indicate the pressure corresponding to thepreco
nsoli-
dation load. 
A simplified explanation of the application of the Terzaghi 
theory of consolidation to highway embankments was presented 
by 
Webber in 1957(6). Calculations used in this study are similar 
to 
those presented in Webber's explanation. 
Recently, in order to determine the reliability and usefulness 
of methods of estimating the settlements of engineering structur
es, 
comparisons were made between estimated settlements and actu
al 
observed settlements of the Ft. Randall Dam on the Missouri R
iver 
in South Dakota (7). The compression strains were estimated b
y 
means of the Terzaghi theory of consolidation. Resulting data i
ndi-
cated a favorable comparison of ultimate settlements but a less 
favorable comparison of rates of settlement. 
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A load study of three 7-ft. diameter flexible pipes in Alabama 
indicated that settlement curves approximated the embankment w
eight 
distribution { 8) . 
A complete set of calculations for estimating the settlement of 
one of the culverts studied is included in Appendix I. 
III: PROJECT DESCRIPTION 
Six locations on a section of .Interstate Route 64 near 
Simpsonville, Kentucky, shown in Fig, 6, were selected for study, 
Plans for the proposed highway were inspected, auger borings were 
made, and the respective sites .chosen on the basis of embankmen.t 
heights and soil depths available, A summary of culvert dimensions 
and installation data is presented in Table L All the pipe culverts 
on this section of highway consisted of reinforced concrete pipe, 
Every effort was made to avoid interference with the regular 
con.struction of the culverts and embankments other than to establish 
the cambered grade line elevations, The construction was under the 
supervision of the engineering crew on the highway project and pro-
ceeded at the option of the contractor, Photographs of various con-
struction phases were obtained to assure compliance with pipe bedding 
specifications but were not considered in the scope of this report, 
Preliminary work began on the camber project in July, 1958. 
Embankments were roughly completed in August, 1959. The bitu-
minous pavement has been constructed for the undivided roadway 
which crosses the interstate route and which overlies pipes Band D. 
No surfacing construction has been started on the interstate route 
at the time of preparation of this .report, 
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TABLE 1 
CULVERT DIMZNSIONS AND INSTALLATION DATA 
Actual Foundation Embankment Max. 
Culvert Dia. Length No. of Slope Soil Depth Height* Camber** 
Designation Station No. (in.) (ft.) Sections (o/o) (ft. ) (ft. ) (ft. ) 
A 983 + 90 18 227.25 56 l. 89 3-11 23 . 19 
Interstate 
B 74 + 00 24 169.75 42 0. 60 0-5.5 33 . 18 
Veechdale Rd. 
c 1000 + 50 30 20 l. 70 50 l. 90 0-6 13.5 .14 
Interstate 
D 70 + 00 18 150.05 37 4.39 0-5.5 27 .23 
Veechdale Rd. 
E 10 + 70 36 146.!5 36 0. 90 2-2.5 28.5 .26 
Ram I 
F 1057 + 35 30 214.10 53 0.99 6-6.5 19 . 43 
Interstate 
* Represents average of values measured at center of each pair of lanes for 4-lane divided highway or value measured at center of roadway for undivided highway. Includes pavement thickness. 
** Did not necessarily occur at point where embankment height was measured. 
IV: METHODS AND PROCEDURES 
Soil samples were obtained at various intervals along each 
culvert site with soil augers in order to establish soil profiles, depths 
to water tables, and depths to bedrock, Undisturbed soil samples 
were obtained by the open pit method near the centerline of survey at 
each culvert site, The pits were deepened until the desired layer of 
soil was encountered, In some cases, samples from different levels 
were obtained in the same pit, Pit depths ranged from approximately 
3 to 7 ft, When the desired layer was encountered, the soil was re-
moved in such a manner as to expose a small undisturbed pedestal as 
shown in Fig, 7, A 1-gaL can, with a perforated bottom to allow 
entrapped air to escape, was inverted over the pedestaL The pedestal 
was trimmed until it fit snugly into the can and then severed from the 
bottom of the pit flush with the open end of the can, The entire sample 
was then carefully sealed with Saran wrap, marked for identification, 
and transported to the laboratory where it was stored in a moist room 
until it could be tested in the consolidation apparatus, 
Three of the undisturbed samples, Pipes C, E, and F, were 
obtained from beneath water tables, and it was necessary to use a 
manually operated pump to remove excess water white obtaining these 
samples, 
The specimens for consolidation testing were trimmed and 
fitted by hand directly into the consolidation rings, Trimming was 
performed in a moist room in order to maintain the original moisture 
contents as closely as possible, Clayey samples were prepared fairly 
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easily; but very porous samples, such as the ones obtained beneath 
water tables, pre sen ted much difficulty. The finished specimens were 
2. 5 in. in diameter and 1 in. in depth. 
The consolidometers used were the fixed and .floating ring 
types. The fixed ring allows compression from the top surface of the 
sample only and is equipped with standpipes for performance of perme-
ability tests in conjunction with consolidation tests. The floating 
ring type permits compression from both the top and bottom of the 
sample but has no connection for permeability testing. The floating 
ring consolidometer is not suitable for testing soft clay samples be-
cause they will not support the weight of the ring. Fig. 8 illustrates 
the types of consolidometers, 
The consolidation apparatus consists of a set of levers by 
which a load is transferred to the small samples. The load is applied 
in the form of weights on a hanger at the rear of the apparatus as 
shown in Fig. 9. Pressures were applied in increments of 1/4, l/2, 
1, 2, and 4 tons per sq. ft. The pressure on any particular sample 
was increased until it was equal to or greater than the unit pressure 
to be provided by the weight of the embankment upon the soil in the 
field. The maximum pressure for all tested samples was either 2 or 
4tonsper sq. ft. 
While a consolidation sample was subjected to any particular 
load increment, readings were recorded from an exten.someter dial 
which measured changes in height of the specimen as water escaped 
from voids within the soil. Dial readings were plotted against time 
for each load increment as shown in Fig. 10. The resulting .curve 
Fig. 8. Fixed and Floating Ring Consolidometers. 
Fig. 9. Consolidation Apparatus. 
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began leveling off when prirna.ry consolidation was complete; and, at 
this point, the next load increment was applied. After completion 
of the test, the sample was oven-dried and its voids ratio determined. 
The changes in height of the sample were converted into changes in 
voids ratio and used to calculate the voids ratio of the sample pro-
duced under each load increment. The end result of each consolidation 
test was a voids ratio-pressure curve such as shown in Fig. 4. 
All embankment material was assumed to have a unit weight of 
120 pcf. Normally, in settlement calculations, the distribution of the 
stress produced by the weight of the embankment within the foundation 
soil is determined by use of Newmark's solution of the Boussinesq 
equation as indicated by Webber (6). This solution involves stresses 
beneath one corner of a uniformly loaded .rectangular area. However, 
the depths of foundation soils encountered in this project were so 
shallow in relation to the base widths of the embankments that stresses 
produced by the embankment weights diminished very little with depths 
of foundation soils. For this reason, the midplanes of the foundation 
soils were assumed to carry the full stresses produced by the em-
bankments. Also, because the foundation soils were relatively thin, 
the pressure produced upon the midplane of a foundation soil due to 
its own weight was neglected. 
The foundation soil depths were superimposed upon the pipe 
culvert section sheets included in the highway plans. The depth of 
soil beneath the culvert flow line and the height of embankment above 
the flow line were determined at 24-ft. intervals along each culvert 
site. This interval was selected because the construction crew chose 
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to set their batter boards every 24ft. which is the length of six pipe 
sections. Using the respective voids ratio-pressure curves, the 
expected settlement was calculated for each of the 24-ft. intervals. 
Total settlements for Pipes A and F were based upon two dominating 
layers of compressible soil in the profile. Topsoils and thin lower 
horizons were thus excluded from the analysis. Since the thicknesses 
of these materials were very small, they were included in the total 
thickness of the foundation soil in which settlement was expected to 
occur. The straight grade elevations as originally shown on the plans 
were corrected to include the camber desired for each installation. 
As the construction of the culverts progressed, elevations 
were obtained at the 24-ft. intervals within the culverts. Masonary 
nails were driven into the mortared joints in .the culve.rt inverts. 
Elevations were obtained on the nail heads to check the accuracy to 
which the culverts were placed and also to provide initial readings 
before any settlement occurred. 
Where the culvert flow lines were relatively flat to permit a 
horizontal line of sight, elevations were dete.rmined with a level 
mounted on a special tripod as shown in Fig. 11. Readings were 
obtained on a short section of standard level rod as shown in Fig. 12. 
A 6-volt hunter's lantern served as means of illumination within the 
culverts. 
Where the grades were too steep, the straight grade line of 
a culvert was extended and a hub was driven 2 ft. from each end of the 
culvert so that its top was on the grade line extension. By using a 
transit, a line of sight could be obtained which was parallel to the 
\ 
\\' 
Fig. 11. 
Fig. 12. 
~ ,' J:, 
Use of Level to Obtain Elevations within 
Culverts Laid on Relatively Flat Grades. 
Section of Standard Level Rod used in Settlement 
Measurements. 
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straight grade line. A variation in a rod reading within the culvert from 
the height of the instrument above the straight grade line indicated the 
magnitude of camber or of settlement. This method is illustrated in 
Figs. 13 and 14. 
Line of Sight 
---------------------- ·~ - --------- --/··· ~ ~ I........._ ----· 
Ci_ Stco;ghl G<odo ' ~ """ 
Fig. 13. Sketch Illustrating use of Transit in Measuring 
Settlement within Culverts Laid on Steep Grades. 
Fig. 14. Short Section of Level Rod used in Conjunction 
with Transit to Measure Culvert Settlement. 
V: RESULTS AND DISCUSSION 
From the twelve undisturbed samples obtained at the culvert sites, 
ten.fixed ring and six floating ring consolidation samples were trimmed 
and tested. It was not possible to perform the floating ring consolidation 
test on Pipe E and F samples because they were too soft to support the 
weight of the ring. Averages of the fixed and floating ring test values 
were used in settlement calculations when available for the same soil. 
Table 2 presents the voids ratios and pressures obtained from each test. 
The construction crew placed the culverts so that most of the 
elevation points were within a few hundredths of a foot of the correct 
values. The maximum error was a tenth of a foot for a very few 
scattered points. 
As indicated in Fig. 15, the cambered grade line for a pipe 
culvert placed beneath the 4-lane divided highway rose to some maxi"· 
mum value beneath the embankment for two lanes, dipped slightly 
due to the reduction in embankment height at the median strip, and 
then rose beneath the other two lanes before tapering to zero camber 
at the culvert outlet. Cambered grade lines for culverts beneath the 
undivided highways indicated the maximum values to be near the centers 
of the embankments which tapered to zero camber at the culvert ends. 
No settlement was predicted for the culvert ends because they would 
carry very little load. However, some settlement, possibly due to a 
bridging action along the culvert or to disturbance caused by headwall 
construction, did occur at the ends. 
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TABLE 2 
VOIDS RATIOS DETERMINED BY CONSOLIDATION TESTS 
Voids Ratio 
Culvert Pressure 
(T/ftZ.) 
De signati.on Sample No. 1)4 l/2 I 2 4 
A l Fixed I. 037 I. 028 I. 022 I. 005 .968 . 9
18 
1 Floating I. 045 I. 032 ]. 022 .998 .959 . 900 
2 Fixed . 672 . 659 .651 .640 . 625 .610* 
2 Floating . 608 .585 .576 . 563 . 549 . 535* 
B 1 Fixed .722 .712 .702 .684 .653 .620* 
1 Floating . 765 . 739 .728 . 710 .671 .623 
2 Fixed .680 .673 .665 . 651 . 629 . 598 
2 Floating .720 . 708 .697 .679 . 650 . 610 
G 1 Fixed ]. 058 I. 009 .985 .932 . 864 . 799* 
2 Fixed .933 .922 .907 .859 . 791 . 727* 
2 Floating . 692 .675 .662 . 636 .600 . 565~< 
D 2 Floating . 741 . 717 . 710 . 689 .648 . 6
09* 
E 1 Fixed .783 . 753 .736 .702 . 653 .6
07 
2 Fixed . 846 .773 .745 . 700 . 642 . 583 
F 1 Fixed I. 107 1. 041 . 997 .943 . 866
 . 784* 
2 Fixed .803 . 790 . 777 .757 .716 .665 
Average -- .826 .801 .786 . 760 .718 . 672 
* Extrapolated values from voids ratio-pressure curves. 
\ 
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Fig. !5. Typical Cambered Flow Line for Culvert Beneath 4-Lane Divided Highway. 
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In discussing the accuracy of the camber predictions, each 
culvert will be considered separately so that varying construction 
procedures and other factors which affected the study might be more 
clearly explained. Except for Pipe B, all embankment cross sections 
shown in the following drawings were obtained at the times of the last 
settlement measurements. The following settlement curves do not 
necessarily indicate the total number of measurements obtained for a 
particular culvert, because many of them would almost coincide. 
Appendix .II contains complete logs of field measurements for each 
culvert. 
Pipe A 
Curves illustrating the theoretical ultimate settlement and 
observed settlements at various time intervals are presented in Fig. 16. 
It is noted that the maximum camber was required at a point near the 
shoulder of the highway over the outlet portion of the culvert where the 
combination of embankment height and depth of foundation soil was a 
maximum, Measurements taken on the 9-14-59 date coincided with the 
previous values near the center of the embankment but showed further 
settlement towa.rd the ends of the culvert. This is explained by the 
further addition of embankment near the inlet and the completion of the 
embankment covering a haul road nea.r the outlet. The last measure-
ments, taken on the 12-1-59 date, revealed a fairly accurate compari-
son of observed settlement to predicted settlement. A greater number 
of measurements was desired but could not be obtained within this 
18-in. culvert because any slight sedimentation within the culvert pre-
vented access. 
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Pipe B 
This 24-in. culvert was placed upon a B 1 bedding as called 
for by Kentucky Highway Department Specifications. Appendix III 
contains pipe culvert bedding details for this and other types of beddings 
employed by the Department. The construction of the B 1 bedding is 
simila.r to that of the "imperfect trench" backfill. On this section of 
highway, loose hay was used as the compressible material. Silting 
within this .culvert permitted only two sets of settlement measurements 
between the times of construction and compilation of this report. As 
shown in Fig. 17, the last measurements on the 7-31-59 da.te indicated 
a favorable trend, as the settlement curve was approaching the theo-
retical curve. Further measurements to be taken in the approaching 
spring will indicate whether a better comparison has resulted. 
Pipe C 
This culvert does not have a relatively high embankment or deep 
foundation soil but was included in the study because of its nearness to 
other included culverts at an intersection. Fig, 18 shows that camber 
was predicted and settlement measured only in the outlet portion of the 
culvert since the inlet portion was laid close to solid rock. Relatively 
high settlement was observed at the outlet and near the centerline of 
survey where the culvert was close to rock. This is partially explained 
by earth-moving equipment passing over the culvert shortly after the 
trench was backfilled to a shallow depth. 
Pipe~ 
Fig. 19 reveals a good comparison of actual and predicted 
settlement for this 18-in. culvert which, too, was constructed using 
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a B1 bedding. Silting within the culvert prevented measurement of 
settlement for approximately ten months. It will be noted that actual 
settlemen.t along the inlet portion of the culvert has already exceeded 
the predicted ultimate value. Again, this is attributed to the frequent 
passage of heavy equipment along a haul road over the culvert immediately 
after constru.ction of the backfill. 
Pipe E 
This culvert had the largest diameter, 36 in., in the group and 
also required the B 1 bedding. The found
ation soil was rather shallow 
throughout the culvert site but was one of the more compressible soils 
tested. The actual settlement curves, Fig. 20, cO:nform in a general 
way with the shape of the predicted settlement curve, but they do not yet 
agree in magnitude. 
Pipe .F 
This 30-in. culvert, the first one in the study to be constructed, 
was placed upon a foundation soil which was rather uniform in depth. 
As s.tated earlier in this text, a manually operated pump was used to 
remove excess water from the open pit while obtaining the undisturbed 
samples. When construction of the culvert was started, the resident 
engineer decided to remove a portion of the undesirable foundation soil 
beneath the culvert grade and to repla.ce it with a more suitable materiaL 
Settlement calculations were not corrected for this change; and, of 
course, this accounts, in part, for the fact that actual settlements have 
not·been as great as the predicted values. This fact is illustrated by 
the curves in Fig. 21 . 
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While this study was in progress, a simplified guide for esti~ 
mating camber for pipe culverts was derived in terms of settlement 
vs. height-of-fill, as shown in Fig. 22. In the derivation, an average 
voids ratio-pressure curve was plotted from the average of all con-
solidation data accumulated in the study. The voids ratio scale was 
converted to a settlement scale by use of the equation: 
e, -e2 
s = 1 +e
1 
X d 
or, S/d 
e1- ez 
= 1 + e, 
Because foundation soils at depths, the midplane in this case, are 
subjected to some pressure due to their own weight, a value for the 
initial voids ratio, e 1 , was arbitrarily selected as that value corres-
ponding to a pressure of . 18 T /sq. ft. , which is equivalent to an 
embankment height of approximately 3 ft. The pressure scale was 
converted to a height-of-fill scale by determining the heights of fill 
material, wel,ghing 120 pcf, corresponding to various pressures,or: 
height of fill in ft. = 
p (2000 lb/T} 
120 pcf 
where p =pressure in T /ft. 2 
Because the settlement vs. height-of-fill curve did include the simplify-
ing assumption that average foundation soils were loaded equally prior 
to constructing the embankment, a nomograph was prepared as shown 
in Fig. 23. The nomograph was prepared by determining the best 
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equation for the average voids ratioo·pressure curve and combining 
this equation with the more general equation previously given. This 
gave an equation in which height of fill and depth of .foundation soil are 
necessarily known and settlement is the value sought. 
VI: CONCLUSIONS 
Insofar as the soils involved in this study might be .considered 
to be typical of many Kentucky areas, it may be inferred that the 
ca.mber guid.e offered herein would provide a .reasonable approximation 
of the settlement expected in many pipe culvert instatlations. In 
assuming the soils to be typical, it is implied that the decreases in the 
voids ratios per increments of load determined for the soils are mor.e-
or-less average. On this basis, then, the settlement of the midplane 
of the foundation soU, which is also taken as the settlement of the 
c.ulvert, is directly proportional to the decrease in voids ra.tio occur-
ring within the foundation soU. A .composite expression of the decrease 
in voids ra.tio in terms of the .fill height and depth of foundation soil 
slioutd provide the best generalization obtainable from the data available. 
lt is believed that such a generalization is satisfied by the camber guide, 
presented in the form of a nomogr.aph, since it does take into account 
the initial voids ratio o£ a foundation soil produced by its own weight 
above its midplane and, also, the change in the voids ratio as a result 
of the additional load produced by the weight of fill. The nomograph was 
prepared on the assumption that the foundation soU would have a sub-
merged unit weight of 65 pcf and that the embankment material would 
have a unit weight of 12.0 pcf. More precisely, if the soils involved in 
this study are assumed to be typical, the nomograph satisfactorily 
pE!rf9rml! the sam!l l,)perati!iln ali! thl'l mgre S!>ln!'lral IHll.tUeml'lnt caleuht.t:l!HHI 
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Of course, it is recogniz.ed that no truly average or typical 
soil exists and, therefore, the nomograph will yield varying degrees 
of accuracy depending upon the variance from the so-called typical 
soil. It should be remembered that the soils encountered in this study 
consisted predominantly of silty clays and some clay silts and clays. 
Sands, gravels, and non-plastic soils would have consolidation charac-
teristics different from the soils studied and would be obvious exceptions 
from the typical soil upon which the nomograph is based. It is implied, 
moreover, that the field engineer must determine the depth of founda-
tion soil and height of fill expected at each culvert site and make a 
cursory appraisal of the soil. Exceptional soils and exceptional depths 
of soils and fill heights may merit special investigation. Thus, use of 
the nomograph should be tempered with judgement. 
Although all culverts included in this project consisted of rein-
forced concrete pipe, it may be inferred that the guide developed there-
from would apply equally well to corrugated metal pipe. 
APPENDIX I 
SAMPLE CALCULATIONS OF ESTIMATED 
CULVER,T SETTLEMENT (PIPE E) 
- 4 s -
Original Ground 
e::;:: '\ 144'-36" p;. ' ~ ~ 
111\et 770.80 SS&'~5 5 )SS'$SS$$$§i3$S$SS'5'5 'S'SD:'-SSS?' =? Outlet 769.50 
I I I I I I\_ I 1 
LBO L72 L48 L24 0 R24 R48 R64 
Soil No. 2 
Station 10 + 70 Romp I 
It is noted in the above sketch that almost all of soil No, 1, 
which consists of the B horizon and thin topsoil, must be removed 
in the construction of the culvert. As a result, the following settle-
ment calculations are based entirely upon the voids ratio-pressure 
curve obtained through consolidation tests on undisturbed samples of 
soil No. 2, which is the C horizon. Since soil No. 2 is a relatively 
thin layer and because its overburden is to be removed, it is assumed 
that the mi(lplane of the soil bears no load prior to construction of 
the fill, The initial voids ratio corresponding to this condition is 
selected from the voids ra~io-pressure c1.1rve as 0. 846. Also, the 
distribution of ~he l;'ltress produced by the fill is assumed to be 
negligible through the t:pjn layer of soil No. 2. The fill material is 
assumed to have a unit weight of 120 pcf. 
!ill_ 
~.!!. 
Outlet - no camber 
Soil thickness, d = 27 in, 
height of fill, H = 8. 7ft. 
pressure, p::; 8, 7 ft. x 220 pcf/2000 lb/T 
= . 522 T /ft. 2 
el=.846 
e 2 = . 742 (selected, from voids rati,o-pressure curve) 
s=~ xd 
1 + e l 
. 846 - . 742 
s= 1+.846 X 27 
s = 1.52 in. . 13 ft. 
~ d= 30in,, H= 20.4ft., p= 1.224 T/ft. 2 
e
1 
:;: , 846 
e2 = .684 
.846 ~ ,684 X 3Q 
B = l, 846 
s = 2.63 in.= .22ft. 
Q_ d = 30 in,, H = 28. 5 ft., p = 1. 710 T /f~. 2 
e 1 = .846 
~4 = .657 s = 3.06 in.= .26ft. 
L 24 d = 29 in., H = 28.5 ft., p = 1. 710 T/ft. 2 
e 1 =.846 
e2 = .657 s = 2. 96 in. =.24ft. 
L 48 d = 22 ~n., H = 16.3 ft., p = . 978 T /ft. 2 
el = .846 
e 2 =.702 e= 1.72in. =.14ft. 
L72 d;:: 13in., H=6.lft., p= ,366T/ft.
2 
e 1 = .846 
e 2 =.760 s = 0,61 in.= .05 ft. 
L &0 Inlet, no camber 
Position St. Gr. Elev. Camber Final Elevation 
R 64 
R 48 
R 24 
0 
L 24 
L 48 
L72 
L 80 
769.50 
769,64 
769,86 
770,08 
770.29 
770. 51 
770. 73 
770. 80 
. 00 
. 13 
. 22 
. 26 
.25 
. 14 
.05 
. 00 
769.50 
769. 77 
770,08 
770.34 
770. 54 
770,65 
770.78 
770. 80 
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TABLE 3 
PIPE A SETTLEMENT 
Joint Settlement (ft.) Theoretical 
Nwnber 10-14-58 6-15-59 9-14-59 12-1-59 Settlement 
56 .oo +.01 .oo .oo .oo 
53 .oo .02 .03 ,03 .03 
47 .oo .08 .08 .10 .10 
41 .oo .07 .13 .13 .15 
35 .oo .11 .11 .17 .16 
29 .oo .19 .19 .20 .16 
24 .oo .13 .13 .14 .18 
17 .oo .15 ,16 .16 .18 
11 .oo .09 .17 .17 .1.9 
5 .oo ,08 .15 .15 .11 
Outlet .oo .oo .01 .01 .oo 
TABLE 4 
PIPE B SETTLENENT 
Joint Elevation Present Theoretical 
Total 
Nwnber 10-2-58 11-13-58 7-31-59 Settlement Settlement 
42 -- 785,00 784.99 .o4 .oo 
40 -- 785.01 784.97 .09 .03 
34 785.01 784.98 784.92 .13 .12 
28 784.89 784.88 784.76 .07 .18 
22 784.71 784.70 784.64 .as .17 
16 784.45 784.45 784.40 .03 .07 
10 784.23 784.23 784.20 .02 .oo 
4 784.04 784.02 784.02 .oo .oo 
Outlet 783.95 783.95 783.95 .01 .oo 
TABLE 5 
PIPE C SETTLEI,EN'r 
Joint Elevation Present Theoretical 
Total 
Number 9-25-58 9-30-58 10-h-58 n-u-58 u-B-59 8-6-59 ll-JJ-59 Settlement Settlement 
Outlet (78 .05 778.au 77B .01 777-95 777-95 777.9u 777.9u .ll .00 
5 778.u9 778 .uu 778 .LJ 778 .ul 778.39 778.39 778.38 .n .14 
ll 778.95 778.90 778.9a 778 .9a 778.89 778.89 77iJ.87 .as .13 
17 779.32 779.24 779.24 779.24 779.24 779.2[, 779.22 .la .a7 
23 779.63 779.60 779.58 779.57 779.57 7 79. 57 779.57 .06 .aa 
TABLE 6 
PIPE D SETTLEMENT 
Joint Settlement (ft.) Theoretical 
Number lU-7-58 la-16-59 9-15-59 ll-2a-59 Settlement 
37 .aa .ao .ou .o4 .oo 
32 .oa .ao .as .a6 .ao 
26 .aa .Ol .ll .ll .oe 
20 .oo .oo .18 .19 .23 
14 .oo .01 .09 .11 .17 
8 .oo .oa .05 ac: . ' .a7 
2 .ao .aa .02 .02 .a2 
Outlet .aa .03 .03 .a3 .ao 
TABLE 7 
PIPE E ~ETTLEMENT 
Joint Elevation Present Theoretical 
Total 
Number 10-4-58 10-7-58 10-30-58 ll-ll-58 ll-25-58 3-25-59 5-4-59 6-15-59 7-31-59 8-13-59 9-18-59 11-11-59 Settlement Settlement 
Outlet 769.50 769 .so 769.47 769.46 769.46 769.45 769.45 769.44 769.45 769.45 769.45 769.45 .os .oo 
4 769.84 769.84 769.81 769.80 769.79 769.77 769.76 769.76 769.76 769.76 769.76 769.76 .08 .13 
10 770.19 770.19 770.15 770.15 770.13 770.11 770.11 770.10 770.10 770.09 770.09 770.09 .10 .22 
16 770.48 770.46 770.42 770.41 770.40 770.36 770.36 770.35 770.35 770.34 770.34 770.33 .15 .26 
22 770.66 770.65 770.61 770.59 770.58 770.54 770.52 770.52 770.51 770.50 770.50 770.49 .17 .25 
28 770.70 770.67 770.63 770.62 770.60 770.58 770.58 770.57 770.57 770.56 770.55 770.54 .16 .14 
34 770.79 770.79 770.74 770.74 770.74 770.72 770.72 770.72 710.72 770.72 770.70 770.70 .09 .os 
36 770.78 770.78 770.74 770.74 770.74 770.74 770.73 770.74 770.73 770.72 770.71 "(70.71 .07 .oo 
TIJlLE 8 
PIPE F ::.ETTL:ENENT 
Joint Elevation Present Theoretical 
Total 
Number 9-10-58 9-30-58 10-4-58 10-7-58 11-4-58 12-9-58 1-29-59 3-25-59 5-4-59 6-9-59 7-13-59 8-13-59 9-18-59 11-11-59 Settlement Settlement 
Outlet 744.92 744.91 744.91 744.92 744.92 7l,4.92 744.92 744.92 7h4.92 744.92 744.92 744.90 744.90 744.89 .03 .oo 
2 745.16 745.13 ------ 745.13 745.13 745.09 745.07 745.07 745.07 745.06 745.05 745.03 745.02 745.02 .14 .19 
8 745.64 745.58 745.57 745.57 745.57 745.48 745.37 745.35 745.35 745.35 745.35 745.34 745.33 745.33 .31 ~41 
14 745.92 745.86 745.85 745.85 745.84 745.76 745.66 745.66 745.66 745.66 745.66 745.65 745.64 745.63 .29 .43 
21 746.15 746.09 746.09 746.09 746.o9 746.02 745.94 745.94 745.94 745.94 745.94 745.92 745.91 745.90 .25 .39 
27 746.27 746.20 746.20 746.20 746.20 746.15 746.10 746.09 746.10 746.10 746.10 746.09 746.09 746.07 .20 .32 
33 746.61 7h6 •. S4 746.Sl 746.54 746.52 746.46 746.39 746.40 746.40 746.40 746.40 746.39 746.36 746.36 .25 .38 
39 746.86 7U6.flo 746.51 7b.81 746.81 746.76 746.72 746.71 746.)1 746.69 746.68 74ii.66 746.64 746.63 .23 .41 
46 7!+7 .Ol 7L<6.95 746.95 746.95 746.94 746.90 746.85 746.85 74'J.84 ------ 746.84 746.85 746.82 746.82 .19 .29 
52 747.04 747.00 747.01 747.01 na .01 746.99 747 .oo 747.00 747.00 ------ ------ 747.00 746.99 746.99 .05 .04 
53 747.01 747 .oo 747.01 ------ 71•7 .oo 746.99 747 .co 746.00 747 .oo ------ ------ 747 .oo 746.98 746.95 .OJ .oo 
APPENDIX III 
KENTOCKY DEPARTMENT OF HIGHWAYS 
STANDARD DRAWlNG SHOWING PIPE BEDDING DETAILS 
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EARTH FOUNDATION 
-~- _t WI/~ 
'\l:tii;"(tfor(V ~-"' H<"""l ,-·-
STANDARD BEDDING~ POSITIVE PROJECTION 
STANDARD BEDDING- NEGATlVE PROJECTION 
STANDARD BEDDING-POSITIVE PROJECTION 
$ti/1Wr/li f '>'1,1, J " itttl 
EARTH FOUNDATION 
81 BEDDING (HIGH FILL)-POSITIVE PROJECTION 
--!'!flTJIIIITiill ---
~ -
LEGEND 
Top of £m/:Mmkmcnf_ 
LimiTs of slr~dur<: exci!W!il<YJ. 
~f:/:)l soil, placed in six !G) inch loy~"" lac.;c d"'pfh, !horoughl'i rammed and 
Si>nd !aqcr medinltfht!: r<:quircm=ls of Arfidc 7..3.1 of Me 195G St<t~nddr-d Spedfica/ions 
or t;roShcd Aqgr<! fe Size No. II. Thru IJ) mch /a4er for fickJ <JSS<=. bled sfrocff.,ral 
pi~ I"'/"~ omd1>ro 2)inch layer for all other cJrcullir cr <>il'{>fical pipe 
':!J'~";;',;)1f/,~"///f";..,"{f,smd,~".,~ "f'oC::~d~'ftg,or~</nal ground or max,mum dcva+ion 
"""""~'~'" •~ '"~ '>a•~ "" w•~• "~'~'" u•" ,-•..-~ 
(j) ~~~:: gfz;wg_'Wf ~Jg;t;;::JrM~~"m"'Z//,;j;}:f!/f}/tcf/f~'t!Jf[;{'f,~zi';, ~g',; ~ '!£_ 
Comp;tcft:d Carih b,<cthJI/nd,C3-f<,d 
ROCK FOUNDATION 
81 BEDDING (HIGH FILL)· POSITIVE PROJECTION 
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PIPE CAMBER CALCULATIONS 
Example l-2 Lane Highway 
Sfroi:Jhf Grode 
Flow L/'ne 
TO DETERMINE EXPECTED SETTLEMENT 
<t 
I 
I 
I 
I 
.9oo.oo' 
---- 8$6.80' 
(Determined by .Sound,n_s) 
Lay straight-edge from 20 ft. on D line to 50 ft. of H line and read settlement of l. 29 
ft. on S line. 
Note: In no case should camber be installed to the extent that a downstream elevation 
is higher than some upstream point of elevation. This problem may occur if a 
culvert has a small difference in inlet and outlet elevations. In such a case, 
the maximum camber permitted by these limiting elevations should be installed. 
Occasionally, the inlet portion of a culvert may have to be placed on a straight 
horizontal grade line at an elevation equal to that of the inlet. 
HMRL 6-l-62, RDH 
PIPE CAMBER CALCULATIONS 
Example 2, 4-Lane divided highway 
:3fro'..!Jhf Grode 
,Flow Line 
7.9/.07' 
789.oo' -------
.o Del-ermined 
By .Sovnd ;"'!? 
0~'"'' 
D:~ . 
CENTERLINE OF ROADWAY OVER OUTLET PORTION OF CULVERT 
Lay ~traight-edge from 24ft. on. D line to Zl fL on. H line and read settlement of 
0. 81 ft. on S line. 
MEDIAN 
Lay straight-edge from 18 fL on D line to I 7 ft, on H U.ne and read settlement of 
0. 52 ft. on S line. 
CENTERLINE OF ROADWAY OVER INLET PORTION OF CULVERT 
Lay straight-edge from 17 fL on D tine to 19ft. on H line read settlement of 0. 54 
ft. on S line. 
HMRL 6-1-62, RDH 
MAY 1962 
EXAMPLE 
o= 20FT. 
H=50FT. 
S= 1.29 FT. 
RESEARCH DIVISION 
KY. DEPT. OF HWYS. 
s 
)......: 2.5 
·' 
' 
EQUATION 
s- DH[3!7-0-2Hl 
- 15597!.2 
NOMOGRAPH FOR PIPE 
SETTLEMENT UNDER FILL 
